Yttria-stabilized tetragonal zirconia polycrystals (Y-TZP) is used for dental prosthodontics, however, it can present accelerated tetragonal to monoclinic phase transformation in oral environment. The aim of this study was to compare the behavior of a Y-TZP synthesized in laboratory by the coprecipitation method to a commercial Y-TZP, after hydrothermal aging in pressurized reactor (150 o C/ 35 hours). The discs were sintered at 1520 o C for two hours. The kinetics curve of phase transformation was determined through the data collect by XRD diffractograms treated by the Rietveld method. The experimental and commercial control groups did not present monoclinic phase. After 35 hours of aging, the experimental group presented 69% of monoclinic phase compared to 67% for the commercial group. Scanning electron microscopy and atomic force microscopy images suggested that the commercial group presented heterogeneity of grain size and that the experimental group was more homogeneous. All groups presented superficial degradation process.
Introduction
In the dentistry field, esthetic is an important requirement allied to clinical success at prosthetic restorations. Clinically, the dental prosthesis with a metal covered with ceramic promotes a visible greyish gingival border around the tooth. The increase of interest for esthetic dental materials led to the research of metal free prosthesis. Ceramics such as yttria tetragonal zirconia polycrystal (Y-TZP) were introduced at the dentistry field to provide the answers for the necessity of an esthetic material associated with high mechanical performance [1] . When a crack initiates at the material, grains of tetragonal zirconia transforms to monoclinic structure, increasing the bulk volume, hampering crack propagation [2] . However, when an accelerated and premature phase transformation occurs, this process can promote a grain growth (5vol%), grain pullout, superficial roughness and microcracks that could lead to a catastrophic failure of this material. It was observed that the Y-TZP in contact to humid environment, like saliva, could suffer a degradation process [3] . Chevalier et al. (1999) [4] , affirm that the amount of phase transformation depends on the ceramic microstructure.
The innumerous techniques used to synthesize Y-TZP can have a direct impact at the ceramic microstructure, influencing the Y-TZP behavior through the hydrothermal degradation. Among those techniques, the coprecipitation of mixed hydrous oxides from metallic chlorides solutions is a chemical technique that allows the synthesis of nanometric powders and, as a consequence, the achievement of a chemically homogeneous microstructure ceramic with nanometric grains [5, 6] . Moreover, it is able to use the ammonium hydroxide as a precipitant agent that has a lower cost. Washing procedures with water removes the reaction sub-products [7] .
It is well known that the synthesis and ceramic processing of Y-TZP can directly influence the hydrothermal degradation resistance due to the differences of chemical composition, grain size and density. Considering this issue, the aim of this study was to evaluate the degradation behavior of synthesized and commercial dental Y-TZP submitted to in vitro aging, through the determination of the kinetics curve of phase transformation of monoclinic phase.
Materials and Method
The experimental Y-TZP specimens were synthesized by hydroxides coprecipitation method in ammoniacal medium, employing the following raw materials:  Zirconium oxychloride solution, obtained from zirconium hydroxide (99.5wt% ZrO 2 + HfO 2 ), produced at IPEN;  Yttrium chloride, obtained from the respective oxide (99.9wt%), Aldrich; The mixed hydroxides of zirconium and yttrium were coprecipitated in 4 molar ammonium hydroxide solution in pH=10. After the coprecipitation the gel obtained was filtered and washed with water, ethanol and butanol, respectively. The treatment of the precipitated with butanol by azeotropic distillation was performed to avoid the formation of strong agglomerates. The obtained powder was dried at 80 o C for 24 hours and calcined at 800 o C for one hour. The powder milling processes were conducted in alcoholic medium in high-energy ball milling for 12 hours.
The synthesized powders were formed by uniaxial pressing (50 MPa) for the preparation of 15mm diameter pellets. The pre sintering procedure of the green body was carried out at 1200 o C for one hour. Blocks of pre sintered commercial Y-TZP ceramic VITA In-Ceram 2000 YZ CUBES 4019 (VITA Zanhfabrik, Bad Sackingen, Germany) were rounded and sectioned under cooling water, at the dimensions of 15mm diameter by 2mm of thickness. All the experimental and commercial specimens were ground and polished using sandpaper of 400, 600, 1200, 2400, 3000 and 5000 grit (Norton Saint-Gobain, São Paulo, Brazil). The sintering was conducted at the Zyrcomat T furnace (Vita Zahnfabrick, Germany) at 1530 o C for 120 minutes.
The aging test was performed in a pressurized hydrothermal reactor fixing the temperature at 150 0 C (Parr Instrument, model 4566 MiniReactor, Illinois, EUA). Two specimens were progressively taken out of the reactor, in accord with the time of aging, until 100% of monoclinic phase transformation or until the achievement of a baseline.
The X-ray diffraction technique was used to determine the kinetics curve of monoclinic phase transformation of the specimens using the difratometer X'pert Powder (PANalytical., Netherlands), Cu-Kα (λ = 1.54060 Å), 45 kV and 40 mA. Scans were performed from 20o to 80o, step size of 0.02o, 10s per step. To calculate the fraction of tetragonal, monoclinic and cubic phase of the zirconia the Rietveld method was adopted using the program General Structure Analysis System (GSAS, England).
To calculate the relationship between the aging time and the amount of monoclinic phase the Avrami equation modified by Kolmogorow was used (Johnson-Mehl-Avrami-Kolmogorow -JMAK) [8] .
One specimen per aging time at 150 o C, of the commercial and experimental Y-TZP, were analyzed by SEM (Philips XL30, JEOL, EUA) and by AFM (Veeco Multimode Nanoscope V, USA) performed in contact mode, (10μmx 10μm).
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Results and Discussion
The graphics of monoclinic phase quantification determined by the Rietveld method, in function of aging time, showed that the maximum saturation and monoclinic phase stabilization is 69% after 35 hours of aging for the experimental Y-TZP (figure 1a), compared with 67% of monoclinic phase for the commercial group (figure 1b) Both groups showed a decrease of tetragonal phase in function of time, with the increase of the amount of monoclinic and cubic phase (figure 2a and 2b) . However, a small instability between the tetragonal and cubic phase was observed. This could be explained by the overlapping of the tetragonal and cubic peaks making difficult the refinement. This is a disadvantage of this method.
However, despite of this disadvantage, the phase transformation occurs in a shear between the monoclinic and tetragonal planes producing a preferential orientation. This behavior could lead to overestimated values of monoclinic phase when Garvie and Nicholson formula is used [8] . Moreover, this formula does not allow the possibility of cubic phase inclusion. The experimental control group (non-aged specimen) presented density of 98% in relation to theoretical value. The images obtained by SEM showed the uniformity of grain size (figure 3a and 3b). In two hours of aging it was possible to observe a lack of distinctness on the surface with a layer of detached grains (3c and 3d), suggesting an aggressive process of degradation at the surface. At 35 hours, the increase of distinctness at the grain boundary and an increase of the amount of pores were observed, indicating that a considerable amount of grains were detached and leachate by the water treatment at 150 o C (figure 3e and 3f). This behavior was also observed for the commercial specimen when aged at 130 o C [8] . The density of commercial group corresponds to 99% of theoretical density of the Y-YZP. The SEM images did not show the initial pulverization process, observed at the experimental group at 2 hours of aging ( figure 4a and 4b) . With the increase of aging time, it was possible to observe an increase of detached grain at the surface (figure 4d). However, in a lower magnification, it was not possible to observe significant differences at the surface (figure 4c). The grains detachment was observed by SEM ( figure 4d ) and by AFM ( figure 6c ).
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Brazilian Ceramic Conference 58 The AFM images showed a progressive process of aging in both groups compared with the control group. The grains boundaries were distinct at the control groups, with regular surface that slowly showed powder deposition resulted by the grains degradation that were detached of the surface due to the aging process. This process was observed in both experimental and commercial groups (figure 5 and 6). 
Conclusion
The commercial and experimental dental Y-TZP, when exposed to a pressurized and humid environment, present similar values of monoclinic phase saturation (67% and 69%, respectively). The two groups presented superficial degradation, and the initial aging induced the Y-TZP grains pulverization, that was eliminated of the surface by aqueous lixiviation. These results were similar for the two groups and demonstrate the viability of the coprecipitation route to the production of dental Y-TZP ceramics.
